We suggest that a two arm, three mirror, optical cavity can be used to search for cosmic "axions" in the mass range 10 −8 < m a < 10 −6 eV. The carrier (λ ∼ 1 µm) resonates in one arm. The signal from axion conversion appears as sidebands on the carrier and is resonant in the other arm of the cavity. Given the axion−γ − γ coupling predicted by the current theoretical models, and if, as expected, the local axion density ρ a = 500 Mev/cm 3 , the search can be completed in two months. This technique can be extended to m a ∼ 10 −3 eV but with reduced sensitivity.
The existence of light pseudoscalars, so called "axions", was postulated in the 1980's [1, 2, 3] . Axions remain an attractive candidate for the cold dark matter of the universe [4, 5] . As a result of their gravitational attraction and very weak interaction with ordinary matter, axions are expected to condense into galactic halos. The local axion density is estimated to exceed their average density by a factor of ∼ 10 5 [6] . Axions couple to two photons through the triangle anomaly and the effective action density can be written [7] L = 1 2
E and B are the electric and magnetic field, and φ, m a the axion field and mass. The coupling of the axion to two photons is designated by g and is proportional to the axion mass. In order of magnitude
with m π , f π the pion mass and decay constant, m π f π ∼ 10 −2 GeV −2 . In all axion models the product of the inverse coupling constant, Λ(GeV) and axion mass is constant with Λm a ∼ 1 GeV 2 . The classical equations of motion for the fields derived from Eq.(1) are
Over the past two decades several experiments have searched for cosmic axions [8, 9, 10, 4] , and for axions produced in the sun [11, 12] . There have also been efforts to observe axion production using laser beams [13, 14, 15, 16] . Dark matter candidate axions are expected in the mass range 10 −3 < m a < 10 −6 eV [17] , and correspondingly weak couplings to the em field. The most sensitive searches for micro-eV axions in the galactic halo are based on the conversion of axions to microwave photons in a static magnetic field. The converted photons are detected in a cavity which is resonant at the frequency corresponding to the axion mass [4] .
Here we propose an analogous process where the axions are absorbed (but also emitted) by (from) an optical field. Therefore sidebands ω 0 ± ω a appear on the carrier, displaced by the axion frequency ω a = E a ≃ m a . For this process to be efficient, the sidebands must resonate in the optical cavity. We discuss later how this is achieved in practice.
We start from Eqs(3-5) and designate the carrier fields by E 0 , B 0 and the sideband fields by E s , B s ;
The carrier is a standing wave in a cavity of length L along the x-axis
and similarly for B 0 . The axion field is assumed spatially homogeneous over the dimensions of the detector
This assumption is justified because the DeBroglie wavelength of the axions λ DB = 2π /(β a m a ) is larger than the dimensions of the detector for m a < 10 −3 eV. We keep only terms to first order in g and make use of ω a << ω 0 to neglect terms in ω a /ω 0 . We then obtain the equation for the upper sideband field
As expected E s is directed perpendicular to E 0 and has time dependence e −i(ω 0 +ωa)t . The solution of Eq(8) leads to two standing waves, one at the carrier k 0 , and one at the sideband k s = k 0 + k a wave numbers.
It is the latter sideband that must also be made resonant. In that case its amplitude continues to grow and is limited only by the losses in the cavity. If the cavity quality factor is Q s then
The axion field φ a is related to the axion density ρ a through
Using ρ a = 0.5 GeV/cm 3 [6] and g/m a = 1 GeV −2 from Eq(2), and setting Q s = 10 11 we obtain
Eq (12) is the measure of the desired sensitivity of the detector. The configuration of the coupled cavities is shown in Fig.1 . The carrier resonates in L 12 , between M1 and M2. The sidebands have orthogonal polarization to the carrier and are directed by the (polarizing) beam splitter 1 to mirror 3. L 13 , between M1 and M3, is tuned to the sideband frequency.
To detect the sideband field we mix it with the carrier so that the photocurrent contains a term at the axion frequency
We then demodulate the signal in the vicinity of ω a and examine the spectrum in the frequency domain. For a beam of effective area A the incident power at the carrier is
and the detected signal power
We define the cavity "Finesse" in the usual way
where r 1 , r 2 are the amplitude reflectivities of the input and output mirrors and other losses are assumed absent. The quality factor of the cavity is Figure 1 : Proposed layout of the coupled cavity interferometer
with L the length of the cavity and λ c the wavelength of the carrier. The free spectral range (fsr) of the cavity is
and the FWHM of the cavity resonance is
The carrier field circulating in the cavity is
and the transmitted fields E out = t 2 E circ . Here t 1 , t 2 are the amplitude transmissivities satisfying r 2 + t 2 + A = 1, with A the absorption coefficient 2 . The shot noise limit for the detected signal is determined from the fluctuations in the circulating carrier power 2 For simplicity we have been using A = 0 throughout this note.
with η the photodiode conversion efficiency. We choose the following parameters, which are well within the reach of present technology, for the coupled cavity interferometer
Q c = Q s = 10 11 P in = 1 W For simplicity we set r 1 = r 2 = r with 1 − r = π × 10 −5 . For the above parameters and for E s /E c = 10 −10 as given by Eq(12) the photocurrent 3 at the signal frequency is
with a shot noise limited S/N ratio
Other sources of noise originate from the suspension of the optics and from the feedback loops that keep the interferometer in lock. In principle such noise can be reduced to the level indicated above, as demonstrated by the successful operation of the LIGO interferometers [18] . We propose to investigate the range of "axion" masses 10 −8 < m a < 10 −6 eV, corresponding to sideband frequencies
The width of the axion line is determined from the virial velocity of the earth through the galaxy, β ∼ 10 −3 , namely
At the low limit of the mass range ∆f s ∼ 1 Hz, rising to ∆f s ∼ 100 Hz at the upper end. The width of the cavity resonance, Eq(19), is ∆f c ∼ 3 kHz and remains broader than the signal line throughout the entire axion mass range. The sideband cavity (L 13 ) will be scanned at a rate of 30 Hz/s, (∆x/∆t = 10 −3 nm/s) which results in an averaging time over one FWHM of the cavity of 100 s, and a further ten-fold reduction in the shot noise floor, Eq(22). Since it is only necessary to scan over one fsr, f f sr = 150 MHz, Eq(18), the total time required to complete the search is T = 5 × 10 This technique can be extended to higher "axion" masses but now the displacement of the sideband frequencies from the carrier extends into the GHz range. One would have to do a spectral analysis of the transmitted light, rather than heterodyne detection. This process has inherently smaller S/N and makes it difficult to reach the limit of Eq (12) . Nevertheless it is quite competitive with the existing limits, up to m a ∼ 10 −3 eV [4, 7] .
I thank Prof. C.R.Hagen for useful discussions.
